Mutations in the ras oncogenes have been linked to many dierent cancers. In contrast to the extensive body of knowledge related to the genetics of ras activation, relatively little is known of the transcriptional events triggered by ras. In previous work we have used dierential display to identify Mob-1, a member of a-chemokine family, as one of the immediate transcriptional targets following Ras activation. Here, we provide additional experimental evidence to support this ®nding by the use of an inducible H-ras expression system, the treatment of Ras farnesyl transferase inhibitor and activation of endogenous Ras by serum growth factors. We further demonstrate that IP-10, the human homolog of Mob-1, is overexpressed in the majority of colorectal cancers.
Introduction
Ras proteins are among the most important molecular switch molecules that relay mitogenic or dierentiation signals from the cell surface to the cell nucleus to activate speci®c genes. It is generally believed that Ras proteins function by controlling the expression of a subset as yet to be de®ned genes that are crucial for cell growth and dierentiation (Treisman, 1994) and some of these genes have been found (Godwin et al., 1990) . Although much has been learned about the non-transcriptional events from the binding of growth factors to their receptors at the cell surface to the activation of a cascade of protein kinases in the Ras signaling pathway (Boguski et al., 1993) , the events that occur in the cell nucleus and the transcription factors that bridge protein phosphorylation and activation of gene expression are more obscure. We have been using dierential display methodology that we developed to systematically search for such genes (Liang et al., , 1995 , which may provide us with a better understanding of the molecular mechanism of cell transformation and more potential therapeutic targets or diagnostic markers for cancer.
Using dierential display, mRNAs from normal primary rat embryo ®broblasts (REF) and several of its derivatives transformed by double mutations in H-ras and either a constitutively inactivated or a temperaturesensitive mutant p53 (Martinez et al., 1991) were simultaneously compared. Genes dierentially expressed between normal and transformed cells of near isogenic background were identi®ed. Mob-1 was identi®ed as a gene whose expression was constitutively activated by oncogenic H-ras mutation (Liang et al., 1994) . In contrast, exponentially growing cells with normal endogenous H-ras exhibit little mob-1 mRNA expression, while serum growth factor stimulation of quiescent cells resulted in rapid but transient induction of the gene, consistent with the ®nding that Ras activation is necessary for the G 1 transit of the cell cycle (Durkin et al., 1986) . We demonstrated further that the minimal 417 bp promoter of mob-1 could confer Ras inducibility using heterologous CAT reporter construct (Liang et al., 1994) . Mob-1, by sequence homology, is the rat homologue of IP-10 which was originally isolated as an INF-g inducible gene from human histiocytic lymphoma cells (Luster et al., 1985) . Mob-1/IP-10 belongs to the`C-X-C' a-chemokine family of small secretory proteins, which are mediators of in¯ammatory response (Stoeckle et al., 1990) . In this report, we provide additional data supporting the hypothesis that mob-1 is a Ras target gene by examining the temporal regulation of mob-1 expression using an inducible oncogenic H-Ras and treatment with a Ras farnesyl transferase inhibitor (FTI). Furthermore, we show that mob-1 expression is activated also in rat intestinal epithelial (RIE) cells following both H-Ras and K-Ras transformation, and overexpression of IP-10, the human homolog of mob-1, in colorectal cancer.
Results and discussion

Temporal induction of Mob-1 expression by activated HRas
To investigate whether mob-1 expression would be one of the causes of cell transformation mediated by oncogenic H-ras activation or simply an eect, we used Rat-1:iRas cell line, a derivative of Rat-1, which contains an inducible activated H-ras expression construct (McCarthy et al., 1995) . Rat-1:iRas cells can be conditionally transformed by the addition of IPTG to their culture medium, and the morphological transformation does not become apparent until at least 12 h after the induction (Figure 1a ). The temporal eect of H-ras induction by IPTG on mob-1 mRNA expression is shown in Figure 1 . Mob-1 mRNA expression began to increase 4 h after IPTG treatment (Figure 1b) , which temporally coincides with the induction of activated H-Ras protein ( Figure 1c) . Therefore, mob-1 is indeed an immediate Ras target gene and its expression precedes the morphological transformation of the cells and this suggests that mob-1 expression may not be simply an eect of cell transformation.
Down-regulation of Mob-1 expression by FTI
The tetrapeptide Ras farnesyl transferase inhibitors from Merck have been shown to inhibit Ras-mediated cell transformation of rat embryo ®broblasts (Kohl et al., 1993) . FTIs are able to inhibit the farnesylation of Ras protein, thereby preventing the membrane localization of Ras and its biological function. If mob-1 is a relevant target gene in Ras transformation, one would predict that FTIs would down-regulate mob-1 expression in ras transformed Rat 1. To test this assumption, exponentially growing Rat-1 (ras) cell line, a derivative of Rat-1 stably transformed by mutant H-ras (Liang et al., 1994) , was treated with 10 mM of FTI. Mob-1 mRNA expression and cellular morphology were monitored following the drug addition. As predicted, mob-1 mRNA was down-regulated following the drug treatment (Figure 2 ), and this down-regulation was coupled temporally to reversion to more normal cellular morphology (data not shown). The treatment of the cells with DMSO as a control for solvent used to dissolve the FTI had little eect on the mob-1 expression and cell transformation phenotype. This result further supports that mob-1 is a Ras target gene.
Mob-1 is an immediate early gene
Previous studies showed that Ras is required for the immediate early response to external growth factor stimulation and normal cell proliferation (Durkin et al., 1986) . Although mob-1 expression was not detected in normal and immortalized rat embryo ®broblasts in continuous culture, one would predict that it could be expressed in response to serum stimulation if the gene is indeed a downstream target of the Ras signaling pathway. Consistent with this prediction were ®ndings that several other members of the a-chemokine family such as gro and 9E3 were found to be induced by serum stimulation (Anisowicz et al., 1987) . To test serum inducibility of the mob-1 gene product, Rat-1 cells which contain normal ras and do not express the mob-1 gene in continuous culture in the presence of serum were starved for serum growth factors and then restimulated with 10% fetal calf serum. Mob-1 gene expression following serum stimulation was then analysed by Northern blot, and was indeed also found to be induced, but only transiently (Liang et al., 1994) . Moreover, the mob-1 induction by serum in the Rat-1 cells cannot be blocked by the protein synthesis inhibitor, cycloheximide (CHX); instead CHX caused super induction of the gene (Figure 3) . CHX treatment itself also was able to induce mob-1 (data not shown). These results con®rm that mob-1 is an immediate early gene. Unlike the constitutive activation by mutant Ras, serum induction of mob-1 through possibly endogenous ras is transient which is consistent with the mutant Ras protein is locked into a permanently`on' position.
Overexpression of mob-1 in rat intestinal epithelial cells (RIE) transformed by activated H-Ras and K-Ras
Although mob-1 was isolated as a target gene for H-ras in rat embryo ®broblasts, it is important to determine Figure  4a ). The results indicated that both H-Ras and K-Ras transformed RIE cells had mob-1 overexpression, whereas no mob-1 expression was detectable in parental RIE cells.
Overexpression of IP-10 in colorectal cancer
Mutations in ras oncogenes are frequently found in many types of neoplasia, including colorectal cancer (Kiaris et al., 1995) . Our previous results as well as data presented in this work have established that the mob-1 is a ras target gene. The promoter analysis of mob-1 and its human homolog, IP-10, suggests that the transcriptional regulation of the gene is well conserved (Liang et al., 1994; Vanguri et al., 1990) and mob-1 expression is activated in RIE cells by K-Ras and HRas mutations. Therefore one would predict that IP-10 may be overexpressed in colorectal cancer. To test this hypothesis, pairwise matched tissue samples from surgically resected colorectal cancers and their adjacent normal tissues were analysed by Northern blot for IP-10 mRNA expression (Figure 4) . Out of 11 cases of colorectal cancer, over 50% (six cases) exhibited dramatically elevated IP-10 expression in the cancer tissues but not in the adjacent normal tissues. Lower degress of IP-10 overexpression were found in an additional 30 ± 40% (four cases) of the colorectal cancer patients. The high incidence of the IP-10 expression in colorectal cancer tissues is consistent with the prevalence of ras mutations in colorectal cancer. Immunohistochemistry staining with monoclonal antibody against IP-10 indicated that the Mob-1 expression was restricted to the colorectal tumor epithelial cells (Liang, unpublished data) . With limited numbers of tumors of stage B2 to C2 that were analysed, no clear correlation of IP-10 expression level with tumor staging could be obtained. Future studies using larger sample size plus simultaneous detection of IP-10 overexpression and K-ras mutations in the same tumor sample could further strengthen the cause and eect of ras activation and mob-1 expression. In summary, these data further support our ®nding that Mob-1, a secretory chemokine, is a Ras target gene and its expression is often activated in colorectal cancer. This work helps to validate our approach of using dierential display in in vitro cell line model system to discover Ras target genes that may be relevant to cancer in vivo. Future eorts will be focused on the biological function of Mob-1 in carcinogenesis and the ecacy of using Mob-1 as a marker for colorectal cancer detection.
Materials and methods
Reagents
Isopropyl b-D-thioglucoside (IPTG) and geneticin (G418 sulfate) were purchased from Life Technologies Inc. Hygromycin B was from Boehringer Mannheim. Farnesyl transferase inhibitor (FTI: L-739,749) was a kind gift from Merck Research Laboratories (West Point, PA). FTI was dissolved in DMSO at a concentration of 10 mM (10006). Anti-H-Ras antibody was obtained from Oncogen Science. All other chemicals and reagents were of analytical reagent grade. The cDNA for IP-10 was a generous gift from A Luster (Harvard Medical School, Boston, MA).
Cell culture, IPTG induction and FTI treatment
Rat-1:iRas cell line (McCarthy et al., 1995) with an inducible activated H-ras cDNA was a generous gift from Dr I Hiroshi of Tokyo University of Technology. Rat-1 (Liang et al., 1994) , Rat-1:iRas and RIE (Oldham et al., 1996) were routinely grown in Dulbecco's modi®ed Eagle's medium (DMEM) with 10% FCS (HyClone) and 1% Penicillin-Streptomycin (Life Technologies Inc.) at 378C with 10% CO 2 . Rat-1:iRas cells were maintained in medium with 400 mg/ml G418 sulfate and 200 mg/ml Hygromycin B. When cells were grown to 80% confluence in 150 mm tissue culture dishes, IPTG was added to a ®nal concentration of 5 mM for the induction of oncogenic HRas, essentially as described (McCarthy et al., 1995) . For the treatment of Rat-1 (ras) cells with FTI, cells were incubated with the medium in the absence or presence of 10 mM of the inhibitor.
Colorectal cancer tissues
Surgically resected colorectal tumors and their adjacent normal tissues were obtained from Brigham and Women's Hospital, Boston, MA. The samples were kept frozen in liquid nitrogen before being used for RNA extraction.
RNA isolation and Northern blot analysis
Total cellular RNA was isolated from both cultured cells and tissues, using Ultraspec TM RNA kit (Biotecx Laboratories) according to the manufacturer's protocol. Northern blot analysis and cDNA probe labeling were performed as described previously . Twenty micrograms of total RNA was analysed for each RNA sample. 
Cellular protein extraction and Western blot analysis
Cells were scraped o the tissue culture plate in extraction buer (phosphate buered saline with 1 mM PMSF, 2 mM EDTA and 0.1% mercaptoethanol) and lysed by sonication. Whole cell protein extract was used directly for Western blot analysis of H-Ras protein. Protein concentration was determined using Bio-Rad protein assay kit (BioRad). Fifty micrograms of total protein from each sample was analysed on a 12% SDS-polyacrylamide gel and transferred onto Immobilon Polyvinylidene di¯uoride membrane (Millipore). The Western blot was carried out using the ECL Western blotting kit (Amersham), according to the manufacturer's protocol.
Abbreviations FTI, farnesyl transferase inhibitor; RIE, rat intestinal epithelial cells; IPTG, Isopropyl b-D-thioglucoside.
